Characterization of bidirectional promoter of mouse endonuclease III(Nthl1)and tuberous sclerosis 2 (Tsc2) genes by 池田  正五 et al.
ＴＨＥＢＵＬＬＥＴＩＮＯＦＯＫＡＹＡＭＡＵＮＩＶＥＲＳＩＴＹＯＦＳＣＩＥＮＣＥＮｏ､３７Ａｐｐ４３－４８(2001）
ChamcterimtiOno征bidirectiomlpmmotero征mouseendOmclMse
m(ＭＭ)肌dtuberⅢssclerosisZ(耐α)genes
ShogolKEDA,ＡｉｋｉＭＯＣＨＩＺＵＫＩ*,YuichiSEKI*＊ａｎｄＨｉｒｏａｋｉＡＹＡＢＥ＊
Deparme"rq/Bjoche〃s〃肋Ｍ(〕ﾉq/Scje"Ce,α"ｄ*G、伽α花５とんＣＯ/Ｃｌ/Sbje"Ｃｅ，
ＯＡｚＷｍａＵｍＢ剛(yq/･Sbje"Ｃｅ,／－１Ｒ伽ﾉｰc/､,OAzMJ腕α川-0005,JtZpα〃
＊*Depαr”e"'q/YPhyWojOgyUm伽α花Sbﾉiooﾉq/Ｍ伽i"eα"`ＤＣ"'Ｍ〕ﾉｳ
OkzMJmq伽velqsny〉２－Ｊ－ｌＳｈｊﾉﾋzJm-cho,OAzMJ腕α700-8558,ＪｔＩｐＱ〃
（ReceivedNovemberl,２００１）
ThegenefOrthemammalianendonucleaseIIIhomolog(ＭＷ)liesimmediatelyadjacenttotheZMgene,a
tunberoussclerosisdisease-determininggene，inahead-to-headorientation・Usingaluciferaseassay，we
previouslyidentifiedashortspacersequencebetweenthemouseMlＷａｎｄＴｂｃ２ｇｅｎｅｓｔｈａｔｉｓｅssentialfOr
bidirectionaltranscription，ａｎｄdemonstratedthattheexpressionoｆｂｏｔｈｏｆｔｈｅｓｅ２ｇｅｎｅｓｉｓｒｅｇｕｌａｔｅｄｂyacore
promoterthatcontainsEts-transcriptionfnctorbindingsite･Inthepresentstudy,wefUrthercharacterizeｄｔｈｅ
ＭｈＩＩ/T1Dc2promoter，anddetectedanovelfmctionalelement，probablyaTst-1bindingsite,thatonlyexhibits
positivereguIationofTbc2transcription･OverexpressionoftheEts-familyproteinsc-EtslandpS5-erg
negativelyaffectedtheactMtyofthebidirectionalpromoter，suggestingthattheseEts-fiumilyproteinsarenot
responsiblefOrthetranscriptionofMjMor耐c2・Thepromoter0sactMtiesintheMﾙﾉＪａｎ。ハロdirectionswere
simllltaneouslymeasuI℃dinvariouscelllinesusingaplasmidthatcontainstheco正promotersequenceand2
difYCrentreportergenes(oneoneachsideofthepromoter)．ＴｈｅｒｅsultsshowthattheactMtyratioof耐ｊｔｏ
ＭｉＤ〃-transcriptionvariesamongthedifYerentceutypes,indicatingthattranscriptionineachdirection（Ｔｂｃ２ａｎｄ
ＭＭＷ)isregulatedinaseparatemanner．
(reviewedinRef［6]）Toclarifytheregulationof
theseadjacentgenes，wepreviouslystudied
promotionoftheirtranscriptioninaluciferaseassay
usingHeLacells[7lWefbundthattheshortspacer
sequｅｎｃｅｏｆ６３ｂｐｂｅｔｗｅｅｎｔｈｅｍｏｕｓｅＭ/Ｗａｎｄ
Ｚ】Fc2genesshowsbidirectionalpromoteractivity
essentialfbrthetranscriptionofbothgenesThe63-
bpsequenceiswellconservedamongseveral
manmalianspecies，andcontains2Ets-transcription
fhctorbindingsitesfhcinginoppositedirectionsAn
Ets-fhmilyproteininHeLanuclearextract
specificallybindstobothoftheseEtsbindingsites・
ExperimentalmutationofthecoremotifoftheEts
bindingsitesdemonstratedthateachoftheseEts-
bindingsitespositivelylegulatestranscriptionof
LIntroductiom
ThemammalianendonucleaselIIhomologisa
DNAglycosylase/APlyasethatrecogmzesoxidized
pyrimidines，suchasthymineglycol，inthefirststep
ofbaseexcisionrepair［1,2lAnalysisofthegene
(ﾉＷＨＬＩ/Ｍﾉ山)fbrthisenZymeinhumansandmice
hasshownthatitliesinnnediatelyadjacenttoa
tuberoussclerosisdisease-detemumnggene
(Zm2/ＹＭ)inahead-to-headorientation[Z-41The
7M2mDC2gene，whichhasalengthof
approximateｌｙ４５ｋｂ，encodesthetUberinprotein，
whichhasamolecularmassofapproximately200
kDa[５１Genn-linemutationsofhumanZSC2cause
tuberoussclerosis，adiseasecharacterizedbythe
developmentofhamaltomasinvanousorgans
ShogolKEDA,AikiMocHIzuKI,YuichiSEKIandHiroakiAyzABE4４
ｂｏｔｈｔｈｅＭｈ〃andZbc2genes・TheseEts-binding
siteshadanadditiveefIbctontranscription,andeach
sitefimctionedequallystronglyinbothdirections
lnthisstudy，wedefinedimportantfbaturesofthe
bidirectionalpromoter・WedetectedanovelcjS‐
elementthatpositivelyregulatesZ】Fc2transcription
WedemonstratedsuppIcssionofthebidirectional
promoterbyexpressionofEts-fhmilyproteinsin
HeLaceUs，anddiHbrentialexpressionofMh〃and
Zbc2genesinvanousceHlines．
２３.DNAtransfectionandmeasulementoflucifbrase
activity
UsingFuGENE6transfbctionreagent（Roche
MolecularBiochemicals),HeLacells（lxlO5cellsin
eachwellofa24-wellplate)weretransfbctedwiththe
expressionplasmid(0.67肌g/Well)ａｎｄ２ｎｇｏｆｐＲＬ‐
ＣＭＶ，aplasmidcontainingtheseapansylucifbrase
geneunderacytomegaloviruspromoterForty-eight
hoursaftertransfbction,celIwereIysedwiththelysis
reagentincludedinthePicaGeneDualSeaPansy
Luminescencekit(TOYOINK）TheactMtyofthe
HreHyandseapansyluciferasewercmeasuredusing
thekitandaLumatLB95071uminometer(ＥＧ＆G
BERTHOLD）A11valuesoflucifbraseactivitywere
nolmalizedtotheseapansyluciferaseinthesame
extract．
Z･MaterialsandMethods
Z1Matelials
ThecelllinesGI-1（CellNo・RCBO763),Ａ549
(RCBOO98）ａｎｄＢＡＬＭＴ３ｃｏｎｅＡ３１（RCBOOO5）
werepurchasedfiPommKENCeUBank，Saitama，
JapanOUMS-24cellswereprovidedbyProfM
Namba(OkayamaUniversityMedicalSchool)．HeLa
ceUsweregrowninEagle1sminimalessential
medium恒ＭＥＭ)supplementedwithlO％fbtalcalf
serumGI-1andA549ceUsweregPownm
Dulbecco1sModifiedEMEMsupplementedwithl0％
fetalcalfserumBALBcellsweregrowninEMEM
supplementedwithl0％calfserumThesecellswere
incubateｄａｔ３７ｏＣｉｎａｈｕｍｉdiHedatmosphereof5％
CO2Plasmidsexpressingchickenc-EtslのEB-
Etsl）andhumanp55-ergprotein(PSG5-Hu-erg)in
manmaliancellswerekindlydonaｔｅｄｂｙＤｒ．Ｄ・
Kerbiriou-Nabias(HospitaldeBicetlaFIance）［8l
Theseexpressionplasmidswereconstructedusing
AEB(fbrc-Etsl）ａｎｄＰＳＧ５(fbrp55-erg)asvector
plasmids．
3.ResultsandDiscussion
3.1．Chalacterizationofthecかelementwithpositive
eHbctsonZbc2transcliption
Resultsofprevioustranscriptionpromoteranalysiｓ
ｏｆｔｈｅｍｏｕｓｅＭﾉＷ/T]Dc2geneindicatedthatthe
-161／‐１regionisbothnecessaryandsufIicientfbr
transcriptioninboththeMﾙﾉﾉandZIBc2directions
[7ｌＩｎｔｈｅｐｒesentstudy,wedeIeted31portionsof
-345/－１regiontodeterminewhatpartofthatreg1on
isinvolvedintranscription（ＦｉｇｌＡ）Deletionof
the‐32/－１regiondidnotaHbctthepromoteractivity
ineitherdirectionWhenthe-98/－１regionwas
deleted，promoteractivityinthe7】sc2directionwas
about40％oftheactivityofthefUll-lengthpromoter，
ｂｕｔｔｈｅａｃｔｉｖｉｔｙｉｎｔｈｅＭﾉWdirectionwasnot
afIectedbythisdeIetion(FｉｇｌＢ）Therefbre,we
concludedthatthe-98／‐３３regionisnecessaryfbr
noImaltra､s-criptioninthe7IFc2directio、
However,thisregionisnotnecessarilysuHiCientfbr
thepromoteractivityintheMﾉWdirectionInother
words，ｔｈｅ-98/-34reglondoesnotafTbct
transcriptiｏｎｉｎｔｈｅＭﾉｶﾉ１directionbuthasapositive
efTectontranscriptionintheZ1Fc2direction
Deletionofthe-161/－１regioILwherethe2Ets-
bindingsitesarelocated,abolishedpromoteractivity
inbothdirectionslnordertomoreaccuratelydefine
Z2Plasmidconstructionfbrlucifbraseassay
TheDNA分agmentsusedfbrthelucifbraseassay，
ｓｈｏｗｎｉｎＦｉｇｕｒｅｓｌａｎｄ２，wereamplifiedbyPCR
usingn池DNApolymerase⑫romega）and20-mer
specificprimersaccordingtothemethodsdescribed
inaprevlousrepolt［7lThefiFagmentswerethen
inserteｄｉｎｔｏｔｈefireflylucifbrasevectorPGV-Ｂ
(TOYOINK）ineitherorientationtomeasurethe
promoteractivityintheM′'〃－andZIDc2-transcription
directions．
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Fig.１PromotcractivityofthcDNAregionbetwecnMMand乃c2genes（A)Diagramofthe5，regionsofthcmouse
ﾉＷｉ〃ａｎｄＺＭｇｃｎｅｓ、Fillcdandopenboxesreprescnttranslatcdanduntranslatcdregions，respcctively、DNA
6ragmentsusedfbrluciferasｅａｓｓａｙａｌｃｓｈｏｗｎａｓｂａｌｓ・Numbcrsinpalenthcsesindicatethcbasepositionsofthcends
oftheけaglnents・ｎｌｅＤＮＡｈＰａｇｍｃｎｔｓwcIeinscrtedintothcPGV-Bluciferasevcctorinbothdirections,ａｓdcscribed
inMaterialsandMethods（B)LuciferaseactiviticsinHeLaccllscontainingtheentircbidirectionalpromotcr(-345／
-1）ａｎｄｔｈｃ丘agmentswithdeletionsofthc3'regionofthcpromoter，Theactiviticsofvariousconstructswele
nonnalizcdfbrequaltransfbctionefficicncyusingthcactivityofCMV-seapansylucifbrasc(pRL-CMV),whichwas
cotransfectedasanintcmalcontrol・Ｌｃｆｔａｎｄｒｉｇｈｔｂａｒ印aphsshowthcluciferaseactivitieｓｉｎｔｈｅ乃ｃ２ａｎｄＭ/i〃
dirCctions，respectivcly・Ｔｈｅａｃｔｉｖｉｔｙｏｆｔｈｃ‐345/-1ｈ｢agmcntwasdesigmatcdaslOO％・Valueshomatlcast2
indepcndcntcxpenmentswithtriplicatesamplcswcrcaveragcdErrorbarsrcpresentthcstandaldclTorofthemcan
(C）Lucifbrascactivitiesofthcdctectionconstructsbctwecn-33and‐g9Experimentaldetailswcrcthcsameas
dcscribedin(B),butonlyactivityinthe乃c2directionwasmeasuledTheactivityofthe-345/-33丘agmentwasuscd
asthclOO％standard
whereastheactivityoftheplasmidcontainingthe
-345/-84ｒｅｇｉｏｎｗａｓｖｅｒｙｌｏｗ（FiglC）These
resultsindicatedthatthecjs-elementthathasa
positiveefIbctonZNFc2transcriptionislocated
between-83and-64
AcomputerseaIchfbrtranscriptionfhctorbinding
theregionthatisonlynecessaIyfbrZ】,c2
transcription，thelucifelaseconstructsusedfbr
analysisofpromoteractivityintheTMdirection
containedeitherthe-345/-64ｒｅｇｉｏｎｏｒｔｈｅ‐345/-84
regionThelevelofpromoteractivityoftheplasmid
containingthe-345/－６４１egionwasnearlynonnal，
■－■■■
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ｍ2,ｍ３，andm4mutationscausedalargedecreasein
activity（Fig2B）Theseresultssuggestthat
mutationsm２，m3andm4interfbrewithbindingof
atranscriptionfactortothe-83/-64regjoILandthat
Tst-1isthefactorthatbindstothiscjs-element．
-84－７４－６４
● ● ●
TCTCTCCGAAmTGmZAGTrCCGC
A）
f1iiiljH1：
ｍｌｍ２ｍ３ｍ４ ３２EBfbctsofEts-fhmilyprotemsontheactivityof
themouseﾉＷＷ/7】Sc2promoter
Resultsofpreviousstudiesindicatethatthereare2
Ets-bindingsitesintheノＷﾉＷ/ZIFc2corepromoter
thatactpositivelyontranscriptionalactivitｙｉｎｂｏｔｈ
ｔｈｅＭ/Ｗａｎｄ乃c2directionsWhentheybindtoEts-
fhmilyproteinｓ［7lInordertodetenninewhich
protemsbindtothesesites，aplasmidthatencodes
anEts-familyproteinwascotransfectedwitha
reporterplasmidcontalmngtheM力〃/7】Bc2core
promoter(-178/-1)intoHeLacells(Fig.３)．Weused
theplasmidsAEBEtslandPSG5-Hu-erg，which
expresschickenc-Etslandhumanp55-erg
respectively[８１Cotransfbctionwitheitherofthese
plasmidsresultedinlowertranscriptionalactivity，ｉｎ
ｂｏｔｈｔｈｅＭｿWandIbc2directions，thananempty
vector・Thisindicatesthatc-Etslandp55-erg
interactedwiththecjs-elementswithinthe
M/Ｗ/7】Dc2corepromoterbutdidnotstimulate
transcriptionactivity・c-Etslandp55-ergare
membersoftheEtsfamilyofproteinswhich
includesalmost20proteins[glTheresultssuggest
thatneitherc-Etslnorp55-ergistheEts-family
proteinresponsiblefbrtheactivationofthemouse
Mh"乃c2corepromoter．
B） ReIatWeLuc而erase
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Fig.２Thctranscriptionfactorbindingsitcsinthc-84／
-64ｒｃｇｉｏｎｏｆｔｈｃＭﾉ!〃/mDc2promotcrandthe
fiunctionalanalysisofthcmutatlonsinthcbinding
motifS（A）Thctranscriptionfactorbindingsites
indicatedbyarrowswerefbundusingTRANSFAC，thc
databascsofHcincmeycreML［l01andtheTFSEARCH
program（http:"Wwwrwcporjp/papia/）writtcnbyY
AkiyamaMutations(ｍｌｔｏｍ４)showninboxcswcrc
intmduccdbyPCRusingpnmcrsthatcontain
transversionmutations．（B）ＥＢｆｂｃｔｏｆｍｕｔａｔｌｏｎｓｍｌｔｏ
ｍ４ｏｎｐｒｏｍｏteractivitymthe乃c2diIection
Experimcntdetailswerethesamcasthosedescribcdin
thｅｌｃｇｃｎｄｆｂｒＦｉ9．lBThcactivitywasexprcssed
relativctotheactivityofthewildtype．
sitesinthe-83/-64regionyielded2candidate
transcriptionfactors:Ｉｋ－２ａｎｄＴｓｔ－１（Fig2A)．In
ordertofhrtherinvestigatetheregion,weconstructed
promoterplasmidswithtransverslonmutationsinthe
-82/-64regionSitesofmutationswereasfbllows：
-82/-81（ｍｌ),‐78/-77(m2),-74/-73（m3),ａｎｄ-70／
-69（Ｍ)．Ineachmutation,adeninewasreplaced
withcytosine(ＡｔｏＣ),cytosinewithadenine(Ｃｔｏ
Ａ)，guaninewithtbymine（ＧｔｏＴ)，andthymine
withguanine(ＴｔｏＧ）Wepelfbnnedtheluciferase
assaywiththeseplasmids，andfbundthatthewild
typepromoterandmlpromoterproducedahnostthe
sameleveloftranscriptionalactivity，ａｎｄｔｈａｔｔｈｅ
3.3．SimultaneousmeasurementofMﾉｸﾉﾉ/nsc2
promoteractivityinbothdirectionsinvanousceU
lines
WeconstructedaplasmidthatcontainsZreporter
genes（dualrepolterplasmid)，inorderto
simultaneouslyassesstranscriptionactivityinthe
bothMMandZMdirections（Fig.４A）The
plasmidwasconstmctedbyinsertingaseapansy
luciferasegeneintoafireflyluciferaseplasmidthat
containstheMM/ZMpromoterregion(-1178/-1）
A1430-bpDNAfragmentcontalmngseapansy
lucifbrasegeneandSV401atepolyAsignalwas
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Ｆｉｇ､３EfIbctofEts-familypmtcinsonthcactivityoftheMﾉﾘ"/m2bidircctionalpromotcr．Ａけagment（２１４９）
containingthe-178/－１regionoftheMﾉｩﾉﾉ/7IFc2promoterwascotransfbctcdwithdiflbrcntamounts（Ｌ７ｎｇｏｒｌ７０ｎｇ）
ofAEB-EtslorPSG5-Hu-elgplasmidsintoHeLacellsldenticalcotransfectionswereperfbnnedwiththeempty
cxpressionplasmidsAEB（fbrAEB-Etsl）ａｎｄＰＳＯ５（fbrPSG5-Hu-crg）ＷｅａｌｓｏｕｓｅｄｐＲＬ－ＣＭＶａｓａｎｉｎｔｅｍａｌ
ｓｔandardLuciferascactivityaftcrcotransfectionofthecxpressionplasmidswasexpressedaspercentageofthe
activityafterco位ansfectionofthecmptyplasmids
amplifiedfTompRL-CMVbyPCRwitｈＺｙｉ′DNA
polymeraseThisfiagmentwaspositionednextto
thepromoterregionintheoppositeolientationofthe
fireflyluciferasegeneIntheluciferaseassayusing
thisdualreporterplasmid，seapansylucifbrase
activityrepresentstranscriptionactivityintheZbc2
direction，ａｎｄfheHylucifbraseactivityrepresents
transcriptionactMtyintheM/､〃direction
Experimentalresultsarｅｓｈｏｗｎａｓｔｈｅｒａｔｉｏｏｆｓｅａ
ｐａｎｓｙｌｕcifbraseactivitytofireflylucifbraseactivity
(Fig4B）Ｔ加s,aceUwithahighervalueofthe
ratiotranscribesZ1Dc2moreactivelyｔｈａｎＭﾉＷ、Ｔｈｅ
ﾉViｿＷ/Tbc2promoteractivitiesweresimultaneously
measuredinseveralceUlinesderived丘omvanous
tissues，includingBALB/3T３（fibroblast-likecells
fiFommouseemblyo),Ｃｏｓ７（Africangreenmonkey
kidneyceUs)，ＯＵＭＳ（humannolmalfibroblast
cells),HeLa(epitheIial-likecellsfiromhumancervix)，
Gl-1（humangliomaftomgliosamoma)，ａｎｄＡ５４９
(epithelial-likecellsfiPomhumanlungcaIcinoma）
WefbundthattheactivityratioｏｆＺ１ｓｃ２ｔｏＭｈ〃
vanesamongthesedi雌rentcelltypesA549
(highestratio)hadavalue40timeshigherthanthat
ｏｆＢＡＩＢ/3T３（lowestratio）Thisindicatesthat
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Fig.４SimultaneousmeasurementofthepromoteractivitiesinbothノＷＷａｎｄ乃c2dilectionsmvariouscclllincs
usingadualreportcrplasmidA)StructureofthcdualreporterplasmidDctailsofconstructlonoftheplasmidarc
dcscribcdinthetext．Ｂ)TranscriptionaIactivityintheM/WandZbc2directionsaIemeasuredatthesamctimein
vanouscelllinesThedualreporteｒｐｌａｓｍｉｄ（２Ｕｇ）wastransfectcdintovanouscelllines，andtheratioofthe
promotcractivityinthc耐c2directiontoactivityintheM/M／directionwascalculated
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transcriptionineachdirectionisregulatedina
separatemanner，andthatdifIerenttypesofcells
transcribethese2genesatdiHbrentratiosofactivity
Furtheranalysisisneededtocharacterizethecjs-
elementinvolvedinthetissue-specificregulationof
thesegenes,whichexhibitmarkedlydifIerentpatterns
oftranscriptionThus，２aspectsoftranscription
regulationofMｿWandnc2havesofhrbeen
lnvestigatedthepreviouslyreportedregulationof
bothgenesbyEts-bindingsites，andthepresently
reporteddifIerencesinratesoftranscriptionofthe2
genes．
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